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PURPOSE: A semiconductor device and its manufacturing method are 
provided for semiconductor device using oxide dielelctric as a 
capacitor suitable for Large Scale Integrated circuit. 



CONSTITUTION: An oxide dielectric is used in a capacitor of 
semiconductor device. The semiconductor device comprises 
substrateOO), a lower electrode layer(11) provided on the substrate 

(10) , an oxide dielectric layer(16) provided on the lower electrode layer 
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dielectric layer(16) constitutes oxide dielectric capacitor. The lower 

electrode layer(11) has a conductive oxide layer(12). The conductive oxide layer(12) comprises 2 layers(14, 15) having same 
crystal structure. The layer(14) near the substrate(1 0) has oxigen deficiency. 
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iqsfss ^ ui<yae sssoi ,i2Hs^ sass (d)i+aaoi zTatmur ?m&o\Q. 
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Ol §i#;7Hd'EIA| .&7l;pS.% iXgeH:;?^ 4)£K&0| SIIEIXI &s ^EHOIQ. 





sm. CKJ-AI, 01; 

- . . . 26-3 



^2000-0029860 



EtJ S I?§2| MZ ^ = . 32^ ITS b^Ji| 5X121 JO 5 g-gg aSSh= 2011 SID. 

= tggoi SiCHAi. B S30IIAI£ ash§2| 01^0)73= ?HlA|EIOS!AI)l ^Hlt* 
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IB SOU, ^5}0| SBJDW 
§2| Hi 71iU §i §2| g§« 

7£*¥«5i7^s 5^(0z)T g^ai4:(N.-b). oi^ai±(NO-). ££(0.) gsi amg ?f±s sis*!® 
seism as gaioo. a^. a^ssj ^?g ai(i3)^ »a gfxi uiaa-M 




a&g ^f^WI St." 

n ti\anm sa^ 
oia. 

§m mM^-stTTwsw. ^Tlssoi <y^M iw sa^ sick- oi-h?m&. isa-^s 

EBi 0IB5h= iitlEiilgJ, .'£911 Mi Eh2!g Olgsfe MOI73 JMtt. ttfflf ^IgftSfi °£ff 
*m| g|g If uznr 4= SAD. ±BE1Ua= S3 §2S ShHS, £S 3N(99.9%)0|g2J 

C»=£(Ar) 7^6 4^£l£^Ei 42-mTorr gS SS5h9 HQ. £E;>h ^ JKgBe ttSCH 

OflAI Mmm ef5|# 4 SIQ. ig, Qf&7Wg tli E&5BE a XI 





cmO|§K (b) b|3 

sa 

gOflAI 

oa( 010. ^2 Cb)§ SmSfe &g(HIA|^, sag ifSIi ^gS^ §g 2? 01^01 Cttl 0IS2J 31 

■slftera'apd i sa. TOEMd, ^a cr, Mn. Fe. Co, hl cu, m itmfe sag ashss analgia. 

eH atHSA|=, RuO : , lrO-21 =7H1 S 4 24Q. 

BISM^WIM qi^m $l5fc Sag at*SSA|=, Ru (^EHh)s gg Sfe CaRuO, SI SrRuO,, 

Ti(EIEte)8 gg giS sfe SrTiO,°l Sr°J IJ^g 0.5SS X 01 g St!^ 4.051F % 0|6h2| &2| Lag 
SStKLa. Sr) TiO.°J AH7HS S 4= SiQ. 
ReQ, Sag a£rl£A|=, ReQ,M S 4= 2iQ. 

dllTgSousr aattssfe 0.1% oiara a^ g^ww ssew Sr^ia ^ his 

I glHMAI atSShi l^h S°°g isi gEH2^ 2h?J2| ai g^OI SP. 3 El 




^ saw 5 Sbn tfe 2E3^s s^q. ^a^^ss mm ^ck ^smai^, ru a ir 

S,^u £ Ti2| SOI M^S. Ca, Sr S La &±m AS ^± ^ti^r^ AMQ,., 
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01 gOMXISh gCHSS/d 4= mQ • cm2| 5}^ TatJgg 21 4= 2i2JD. IrCk,. Rutt,/ ReOwOflAd^/ 
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5«sra cfg sremoi so. ce. amol^s £Aia= m£2£?ioi£ itsis^ 
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losi . mSWhRSS h&5i f salt .stis hd ws.srawAife srp^ssj ass § 

sa« ! atis sm 7j«or»s ssh aseoi gasfe ssehs.ssshi an, a^= »*2i so y 
= ^^o i im§ 4i asepi aasoiaa a^aoisa. 
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ztaoiaa. 
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Xttvm JHU1AIEH?!- HHxISa. 2 =#21 ^iSAI 27H2| B3 2*! ^ig E 52JE60II M 

s§a . ill 8S8 sail I aW sasfl f iBAiEi2i §ao ^i oew! as omu wnAiEig 
^ #2i ^gg ^ra?ii ue^ aoia. ■; 
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26-8 



^2000-0029860 



lls(40S T^l »HlB.2Stfl3 99J0H IHStfd. - S E 5M EAItt ftW as»(11>2| 

53 si aon e^ sas tftns(60)oi *!saa 01 Eas &&ff*(60)s a?\ imwM 
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*hlua g«o| °fSKa Q|2iS BOWL-WIM CR «I3 e^l 201 14*7* EI01 a 

5 a5u Wl h af a±sj .Aiae sisiAi .200™ 7ws ^rasi 

01 Bflflab. tress. ■*= saas-uamni str-oiii §e°i tw&xisssAd ?>i°*=,.15 

gStfSAis aWSl as&.i»^B*ii^ifiaEiwai^;(iawpi iraaa 

s»soi atraoi aasoo gssfe wee *+&7h sag 521 g^a- *is*fe -B»«r wean «w 
i^sra «?. sWof/Tswa ■a#aSfS-#»is«Ai--^ii^fl»huie««oi tfgsfe 21s, 

01 LH5512J §OilAI= 1& QEf§ ^□lM2ltS*^#:(Ti,-.Al J ),JiOUA| UEH3 HE X£ 0.2 0122! 

2di burasrai. y= o.4 0i^oi 2oi b>^5H:f. >o[ o^QEL ^m masted vaoi-ua 

Lm Sf=a. y7t0.4 aCE X£ a§ ^SOIIAJ °Jtl Ti0i7Ke^l»Q- 

§a ^dih^ n73^aoi°s, EiEmsi bt#s- bjois a^ssto^^g.-satfa. ' sjejo § 

i|2J S^^SAI OISW ^ St= &§®S^Ei;«tfSc >10ihQ - em 0|Sh°J 201 bH^SO. IH-EFAI, 3* 
mUAl.y^HrWIAl LIEM UN. .X=r.0.5 0|5h°i 201 bHf2!5fDl, 0.4 01^ 0.6:OISri' 201 

i"B7 oi g#At^, xl o.foiote 201 bnrs!SKJi.\y= 0.2 oiso.6 oisfei 201 u^sm. 
o\t*m mtitm. tm^ <: (Ti,.,Aij 1 .;K,oiiA),;UEi : i4ife sa QEte ^.fil^W'M 0.2 OIS 0.5 OISJ 

2i 201 UUfSlqHM. {0v4 01^ 0.6:01*^ 201 b^Sp. : ■ y.: ,[-z : Cr^]f" . . :; ; . v " ' 

ifl ElEte ^OlfeSOfl £^£1= S m£| 7te ^, ^ ^SsOll-CH^AJ^ Sl^^M ast« 

5^sl^EfE>S°i 5fi?i:a7aHoTs° 

S5s E6oo EAia= Sj^EiEte-SfSdi&iNiiniiijsfe is^iixwjfs^jifii^soi; *fteh'^S!^a 5 ; 

^OIb* OlSofe a$N&'UI£fWS|.-«FiWI£BS|Il-»^3ra^|S|--?]lc , B^E|Ett' 

l^oife ia# m^m *--as-'§n <him Ma. 30ra.oi3 #ms^. 

c mi CAISH= ^ZESA|= 2^#(40) ^011 i+ths ^3 III S( 16)01 SSaXISh E QUI EAIt? b|2J- g 

s§ liseC s StFek tf= of&ioii ahhE iHits^E e^ sssion 452mra ma. es 

MATsI Ilrsl ^tS Tffe &M(HDd%Ei Ir0„ Ru0 ; . SrRuOj, ReO.S¥E1 SjOiE 
S°J 201 bUTSiSH^. 



iL^M S2*«#(16)£SAI H|«|«r Jd KOI -XH«t Al SstJEK Of7|0flA|, HUm SSiO J«e7h ^§ 




si ssS , ssaso 'a W aalwE s^ ii^si mmm ^m, :imm ^^m ^ 

fl=fi(ms sgg 11013, 3^ ^s z+aMtHl 90)7]^ .3^013 23# S2I 

i5tf"(40^l ^iWlAJ S-71011 a71t? g@2| flg^OI 0IS.7te*>Q.. atteOIS a^S.S.HI E 
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mm 

AIM 

S 01 

i| "aojAi trio uiflsoix fell 5. aw. s« 1 saw fli^oi asa isifi ssaa §aim tfti 
m j^mai 4=% §E2i sauoi 7i±7f sua cue ^a. 

eibs w^aife §=' tfst saism iffla§g# oiggioi se= £2 oi# goo-c 
oiffoi 5oi li^Jfcr mI, ^soiei siqeie Aieei gag ^sae sxitian sks 2ioi7h oi 

3- ^s#*IsacJ^ Aise eooxm -aoiAi 7igofoi mst>m. m mm ^§ou °joa fisi- 
•'w*pifc'(*iM)pj tna^ja.^Uft«3ioi.^HBaacK 

e«k ai ^*iai/ s-«S2i etea'sasi si 2 §a eieih sr^aiH si- 

I Igih ^n^s^f &a A SSohll tf* S^Sfi 3#&KJ1 tf 

... „ . .__ »bm ma 

^SEICHE " ' 

^tfikfi. a <?hihaie^^^^ s ,*a;steppi swai, 7itfj^M=. ^-J 1 Qt^Jz^ 

. ... - .. ... . ~ .. ...... ,., ._ • «--«<< ici 





: ; PM 

S£W 2^21 Als!(HI PliS^ .B ^S2J gAIM 2|j|| 4 2i= »EJH SSiB 2i= 

^9fi & >^V:- : =V'T- '. '•*''• ' 




Si ^itra/^llii wild mm hii lhai hi3 s^mi 01== ssohaj^i g^^ej ai^# 

,S:0.01Q - cm 0|5>S -4= S!Ck 

mfe maa gfeffia Miii^m. at*, 200™ 01^21 ^21 hjs \ f^sj 

E is 2= ESS 'tfSWtt.fi *W S^SOll 5Et!S^. tftffi SSJfl ?HIHAIE1fi UE1LH= ES. 

e 2= 2# Eas tfafittfi ai§ tfou sssfe tfsifi ?hihaieii ueilh^ es 

E 3= 2tt ESg tfSfittfi ^tf S-AI;UI£!slfi ESg.tfOll ^«5^ tffH SSfll 7HHBAIE1M UE1 

LH& ES '' v VC:' : .V"' f 'T'"# ftW' 

E 4- 2S ESS tfafittfi g^#fi*»^tf'SAl Ultfilfi ESS ^011 ^Sol^ tf^fi SSfll 
?HMAiE1g UEfUl^ E9 . : 

e g^s ^oo tfsfi ssattfi isi EiEm w^ai^sfi tf^fi ssa webaieh 

fi UERH^ ES. 

e 6g es« tf&fi# soo tfafi ssasfi §a eieih ^oihsm tmm ssm 

JHnHAIEifi UEILH^ E3.. 
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E7H2§ ESS i+Sfgfig CHS 4'EI=S SOU »SSF= X&m S3SI 5HHHAIE12J S7I.^Sg D 
ERhI ES. E 72| (a) = S^2| 79 *L E 721 (b)£ Sl^EfiejAl^ DDUI= ES. 

e 8g 2§ ess sagsg mmmm son ss^i= Ms ssai jhmaieisi s?i derh= 

ES. E 82| (a)£ TiNgs 5*^1= S^2| XV, E 82| (b)= TaNgg Stttfe S^2| »th E 8 
°l (c)fe TiNfig JHI8AIE12I S|±Efl£IA|± 3?Sg UERH= ES. 

E 9= 2s ESS Sihgfig 3«*fig goB TiN# SOU «S§m Sits SSfll 5H MAI El 21 S^} Sli 
EIIEIAIi s*Sg DDLH= ES. 

E 10= HI* ElEfs ©^0Ih2| 5S UEHH= ES . E 102| (a)= (Ti,.,AI,)o.«Hi«OOA12) x2| 

&)§1F. E 1021 (bm (Tlo..Ala4)^H,0ilAJ21 s« §l§lfS UEHJ^ ES. 

E IIS IS El Els ©^OIhSS i£= t*ttm S3 HI MIBAIEi2| =^ SliEOEI'AI*: ^SfJJERH^ 

Ig! E He^l«M Mi 8aa§i ajssm as. e iib= ess trass son smi 

SSHlfig 3fi*m 2Sg OERH= S3- ! ' ■ 

E 12= = ©22| V gS2| 4'AI01I2| S«2| Jfl2 SgEg DDLH = ES. 

E 13= B ©22| SJ ©22| 4'A|0||2| =EHI SXI2I.SI2 SSEg DDLH = ES. 
E 14= = ©22J g g«2| ^ AIM 2| &EX| -gX|S| Jfl2 ggEg DEhLH = ES. 
E. 15= = ©22J m ©2 2| M AlOflSJ fiJEHI 2| g ©fW W 2| ggEg DEHH= ES- 
E 16= 2S ESS traggfi OSS gEI=S SM £»S5I= ©EH1 S-XI21 391 i SSES 14EHH= 
:es. -t' - ' ':' ' ■ ■ ' • ;••-••>.•,*•• 

E 17= 2fi ESS 4HttgfiS *t<* ©XI HI4HttS-StS.fi SOU -«Soh=- ©Efll §x|2| M2. ggEg 
vl*HEH.H= ES.. 

e i8# "2fi- ess sssfi s g^fig mn mt* ©ai hissh ESfi sm tjsste ms.fi s«2i 

M S 'l§£§' UERH = ES . 

E 19= SDH amm zvmsm «ssm la Emfe ©^oiefig »= =ehi §x|2| g 

§E§ UERHfe ES. 

c 20= ESS Ssl-SS S-Ofl 4f5fs SSHfiS ^So}= SS- EIDE ©^DI&fig.S£= SJSH1 S*l 

g-aM fgEs u5lh#es i ©s 21 4' aim b°i m&s siioimsy ^3Efoi= 32121 ss -92 

S LiEI-S ES. : . " 

<©2g ^AISPI Slif2| «EH> ' 
a ©22| 5fif2| ^AIWIS 4HttS SSaiM 0|g*T JHEBAIE12I S= SS2I 01 JHIiAIEI.g fii'XO 

2i erEM-sMM «ssi^ Bg£g sasm Etr ©22i fitAinatcf uvoi g2t^D. s«2i sson 
y\ £.t>m ^2- E«h ggy ess xh£2| s§ ai§ ies ?i intra. 

SI- SUg SSXfl ?HIHA|E12| S^ «S 
1-1 ESS IIS S§ A|g 1 

&Ea &«(HI 8|W SsH SSS1 ?HIHAIE12| S^OflAI ^EXfls^ SSfllfi ="00 gXIEI= 27H2| E 

ss mefiwi 2= ess sags© ssem s^wi ch&hai om°\ ©221 ^aiwi i~ 3011 gsn ss 
Esg S£mcn ^2tia. 

<©S2| ^Aion i> 

£ ^A|M= E 2011 EAItT 2s ESS Sag»(12) UI2| S± 5t.^= ESS 

4Kttgfi(U)0| Dig ^'EI=S(20) SDil SIS «SSI- 8^ S^fi(11)2| ?5(HI CHoJAI ohV S^S 

°j WzTk t+nm ifss«i ?hmaiei2i g= siiEoeiAji ^ss *gtr moid. 

eii Estr ^rai i50n«a-Hi 




§ oigsra ois ^ucm 2itH ia«B2foy 7istr ?hsbaiei ^s ^gg2i aisoid. 

ESS 4Httgfi(14. 15)ogA1=, I rO-/ RuOb, , SrRuO,, . Lag 4S1B! §7htT SrTiQ,, ReOtg ^ Olg^l 

2D(oi7iAi-, tmmm stmwtt t[*mm oisses. s^ ©=iF2i 7i^= =2i»£g 

iefSD) slf f 2| «SBg Oliwi S^D. 9*1. 017IA1 gS3|~ ^ S»g2| fll^SS g 
Oil Old, A1S fllSfgg IK-IISKWE SSI= SD. 

IrO-SS SW© g*tB0fl 2|«B ^SShSD. Ir0.2| S^g g©g ©^ S§7|g OlgSKS 33 






0.1 M T 

EStfitt gAIOIl 7IS 7Hi SIE1 SEg ggSHM 50kd2| IrQ-fig SJfiSm, 2s ESS 4T5FS 
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I rtkOI 2J2J £S fi v 'd!ll€^=4^|tSf ^dlS?MS £tsl:0|#01?] £ i*2bM £11 SI EB? § Q|g«h=- RF 01- 
HLflEg ifflHll^m OieSKA.tJSShSia, Oisra «st 52!>. 715 7f§ SIB SE 600-c, SM Sf? 
I.OTArf, «ef ^£ Wg, £E 3<2| »S Ar 7^ 3mTorr SHWAi ^ J^BB 5 LH JJ M tfi l 

gAIOfl 715 7^ SlEi £Eg.580XS|g§3K)i : £0h&?5aS tJSt^Sfl 2S ESS 





Is^S^Sali^ga^C;^ 2ioivgJeao. • . 

<©shj gAIOH 2> 

g BtS°| gAIOflzr E 301J 2S .:E2S_^t^s"(12)- ; Ul3 ^i, SttfKr ESS 

^asst 14)01 st< • - 

CHoiAl, '"" • 

Ants e2#(30)^sai ess :§ag«a ig-!aaor*a*raD'...--.oi ?ii aw zb^\ ! Aisjr* 
••- ~" """""* ■ iE »m=_E3s as- 

S|3 2ron 

Jsfl 1(W 

2M" TlSth ?H ET:^^,§ g s A| e 01 Effy. " 
- * aflAI^ 1 >Ea'a 'sS-M(Wa'&H ; biaS# E2#;-30)gA|-TIN SI TaNg OlgtJ- Wig SAIISCT £2 

}W^oig%^^ 





Arrtyff&l S?LH i 2K§ AIM 4a^;5mT6rrS^ V 
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SS S:S*g#p SS£,^MAH 2e ESS S£H#(12)1 «SSJ2a 

gOOAi 0\tm g°t 22, 715 51 a SE 600*C. SM \ .9S/at, £E 3N2| g}5 

Ar 7h£ 2«! 3mTorr oHWAI ^ ^IJH 5 LHXI 50ta2| Si l£g E£}Sr= ESS SSJe#§ SSShS 
a. TARSAL SiM 71i SeUI Ar/0u=9/1S EgJ^Hh gAIM S2fl 5mTorrS SH2, 715 7H o|El 

' S£M :580-ce ggSKM 50nm2| ESS ttfl**'ft SStf£SAH 2# ESS S^MS(12)M tlSSrS 
D. 

RuttSlf ReO,^ &gS g*fgOfl 2JoB OlSsJg g£|7l SMAJ «SSfSQ. s*!=!££Ai SOJEIM 
OlgSraa. 01Sh°4 S^t 22}, 7|5 71-g Si El £E600X, S^ ^£ In/g, ^2 gfq 5 M Torr §HW 
A) Si g£e# 5 LH73 50nra t!S£J SiM 70nTorr2| SfSjBW EEJt,K2f gAIOfl 715 7H olEI 
_ ; , ;SEM <580-c £ yfl gSHM 50nai2| Rutfc#,vReu,s 3&im '.Siisffl, 2« ESS SsrM§(12)s SSSFS 

: v-y ;:y 1b,$g dia# «SoraQ;^EB9(HI^ 0|& 2S2S UERH= OlgShSQ. S^ 

" .,v ' ;.,7l5.7rl,8|Ei SE:60Crc.::&S:7^j>+i 7ri Ar/DU=9/1, 3.2/3 5mJorr, SAr S3 1.5W/ 

' : arf , WM, e> ^Ml 200nmoM;chaQ.; dEWf. .5ij# S3 jflS2J SSLr.SIBS S§SS2!,?H 

mei .^sone stm ^2. .2# ess sa# «£tss?i sow a# ^7isn& 



S W 17)S*ol^ :S^#2f :;SS*CT*feaa ^fcrMSftSSrS SSI 71 SMAI RF □SLOME, 




. 01 TBS Sa-7K2!Sia 12KJIP-. tfsH 3^H£Aj CaRuQ,M OlglT UHOfl WtWI 31= ®¥ CaO 

■ C : H7r Msii ^ssra .s^ ^aoiiAisi' a^^oi sorer-sara -aoi *xs saBo^sjw "rfir- 

: ; S&S BflPDSMAJ ^SfcBlrO:. RuQL- .3 ReO.=s Stfsfe 3^21 :Af 712 -SNATttStt' 

;: ? 'SrRua#/5tlSr= ; S^SDE 30. Ofc SOHIAIE S^SHSAI OlgS^Cfl #MSI 

: IrO-; Ru(t; ltea.;Srfiua. LoS-4glR! §7r^ SrTiO,OflAd= ^S2J ^AJOll 1011 71X1)^ HCHSOI 

7HJWI 




p: 

E 8£| am SagfiSSAI TiNg Olg*^ S^(H! CH6BAI, E 82] (a)Ofl EAJt^ Si 1^52| ^)W7r 
. :10nm@ ;t[||21 SS» SSSSI 3HIHAIE12J ft^ SliEHaAli ^§ UEiaa. CoRuCSg S 
■ ' : '- ^2S^ SliE0E|A|i>SOI OE S^HDE g}«?£S TWmYH 25Qf. iSSt!" CaO^F 

; -aOfl 2!7ra=,SS011 iEHt^ ll>Br2 '.«2tS|3qa THni) mgtl ^SOI »ag01 2i» 

ES Sai^ aD. E 821 (c)OilAl^EI Wfl ti[9i mO\. ltH«2h 2!S§r= ESS S5*M## HIStf 
S M*I7| gOllAI *JSt,^S-W tm tfi S Si2| SfSOl SJJQ1EIEH 7I5°S^E1 S2I0I S 

. stm arnm z&mmw °i?ym 9X= 501 gjssa. tbnsoii chsbaie e 821 (021 

' '^^^: : «>«§^'-'^AiMS : ^.':'40| "£AM» '■2fr 4 £ad-i£»tHi«(12)--.UiS| Si S&ft' Sftm& ESS 
. -1" : ) Sas#(14)OI SWS(40)g:S*l. »S '.SWI HISas:ESS(30). ;SM SSEIS 5|-^ S^S(M)2| ^? 
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1£m Sttffe ESS SHeS(14)g «gSHl, Tfl^SBAd 7J± SifUlM Ai7Nd0=9/10fl LHgiSr gXlOfl 
S^g SnTorrS SB, ?I5 ?m SlEi SEg 580"CS ggSKN 50w>2| ESS SSrg&(15)g 

sai 2© ess ssim#(12)# assise*. "" 
e aw, ^ ess tmrnw wwm tmm ass a jhubaieisj aiaaAii ^sm u&yjp. 

SoQi °ISSF= ESS SsHSl DISSS SOflAt SSo^ 3^<WE Si 1£#0I 

XntfelSt s§ ' sla Isa laaot ^sITe^a ssEisrsaoi s»m sag ss 

0IS2I 2f ej-S2J ^AlOlKHlAi ggtt H12f 1*01. B ITS2| §S S 51U2J ti\i*M& SOflAd Si 

I sstfc ssail^s^ : v?iaa aaa. oison asBAj. s^a ma -*«oiu;a* -as r 
sn= ; ;.;2pi; ptesfl aomss ^^s^^^sj ;?p>Jae ^sw aao. , ■„ : ;. 

1-2. ESS S3 Xl ^ 2" ." ' ^ 

s^a saoii ai«!tt,sas ssa ?hibaiei2i*s^maj t»Ea#2r Ssa# .^&*^zMM\ 
*s assa BjEa#«M -aa-HEte sr#aiH#fi -ssaMM mssrsa -g^gg ejssSt^ 
3§ob emm. oils f^srf aim 4 ~ ^aidh 5tm a*n se Esr^^oi ^S^.;^; 

<ITSa ^AIOO 4> 




AJ^iaO;. 



Ssftfaa ra- 
ws a^son 



• •• ■ 



•V • o^: . jig 'i+a-si-g a^tt -ESS 6EI5;^IS«S(HI : 311 • ifflHIJB& WgSK* ia'^iiEIEHs; 





x?K0.6. 

gAJOil 

Sisoi *<mm fl^is ^ si§ meonAi etsisoi s-&si& ^jk o.2;pis 0.6 oj§k 

§CH*K1K ¥S, 0IS2I Stf^ X£! fflBHaE MSMIMAI. °l^m L1EHJSS, «^gOI ggEI^ S 
?1|3iJ^ x2> y ?f^0BA) SOI-SQH 

"fi«Q ™g 2^2|a12^§ 400», &S Ois^, 20mTorr, «S SE= 500*c 

OIQ ' E*f H i¥# SOU RF DDLSEi ifflEIUgM 01 go 101, 100hm°l SSIs 

4sjH#(Pb(Z?; s Ti 0 ,)0,)S SJSSISiCI. ^S 53^ 7IS SIE1 £E 300*C, SA1 S^ 15W/erf. 
S^ ^E 3nm/M, ^S Ar i*± 7l± S§UI=90/10, ST^ 5mTorrO|D. ^S Si 71^ S 

650*C(HIAI 2M^, ?1§(Rapid Thermal Anneal Ing) ^dlM tSSIil ^SSIS *SAIS^. 

01X1 ^3 f*StJ StIM SSfflSS ESIOr «IS ,=SA1liOfl °|5fl S^ W171S12 QA| 

oil (oi StSdiiSoi slrEioi^asa^Aisi a^.m^Aieraa. >3 ; g2iM?E .iron . ^ ai ueilh; 

StQ E : 1021 (a)(Hl EAJtK-bF2K^U ^Oiff^ 

,::01 ; *TiOb3r/ ' ~" ""' " — 

55» 




Ett. s^s^saj ^3^o!2i^oia&.s^BiS7vaH^oi8S8s : : 'esais£ '■aaft-uHWi.aBior*"" 




<es2i,^Ajpii..i.. , r ,,, . .. 



s : ^S2i ^Aioa% ; aa- QErs if^oiH >s a'ssi &xi§M smrb-s&tj.ssai jhibajei! « •• 
:s*>iiV3^^i:aa^^sm^ 
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gHf **E 3nm/g, gJS Ar / £h£ 3?^, S9UI ,m^^^^7BTorrqiO.. , ; X -Cl 

e^raCK §£A1= Ei& 0|± = £^AIE S Xl^s OI^HS^AIEg DB^AI OOBg gOflAI 

gAl^i g*!g Olg^Q. OI2!g «JSS(A|g a) ^ #5fg#(A|£ b) #0fl E^ 

^, #± § 65ffcQflA| 2g^ 3^ \7M*KM.«PI,^»;-a.S»Al fc 3aO- 





gg E 12 LH XI E IBM OlStttN; RAICHS ;£BttQsAV:'- • "CiiJ . v ; rf^ • m 




eft «Ed DHSSHlv;E^22| ^SttDi'TiSiftitlZB)^^ SSMAI J\SV 

W ?| £01 01 E*K7I S > b:#dlU iZh^dl i§ 22)0Jl^^^3g .^pe^Si :;, 




; ag mssk^ 
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X|S^ SiQ= §35|(14l S£Eii~ia)ngiU ESfOI ODSSi 01 ©SKA SStfC*. 0I2S 

QgOil, JHEBAJE1II SSSPI S2| g&a 52 a ES«2| 0§S SSSfe §§i £ 

1HH1 EAItJO. ?l» £Sg g&tfS^Ol #gt* at ^12| §3^(151» a^Ai&o. & irs 

£ I tf AJOOOMfe. 50Om,2| gi a g2l?0O|E S21(BPS6)M OlgsraHS. 6151 S #»stg 
. 0I8SH3IE SW i7l?fl SOKCWPjeOJ 21*11 0I2S BBatp^fW BS Olf WO 31 

51Sf SiO-S iD^tj- *.'0I3B OflgsjeKM S&SJSKSE 9U. DSM. g£s »£fg(126)2| 
^"CHI SHflShb g95t(151)g iSEUHEHiliaaf E5WI MSSi OlgSKM 7HS8H1 ^^Mg-g 

^Aj5i s film l^lisFbi aasasm, eetoi out! goo 2isn ogxmsioi ens ^sisoi dhbs. 
. pig ^as man(i52)f ^s^O;-. . 

' K*^ S^2J Ti££Wy:EJ^^iW*K|DSg ;6»EI5 ^Nf^iWS^S' Sfcttlfe ESS 'BtfNtfr'SB 



; tt)E) f^SMjOlgSljPJ;^ ESS ! : 1 eji.RuDt)! 




TuKfl "IH1 SEI _a 21 ?H il AIB S AJ 

3feSK>i .;.gfs»; wiaaAii. awouspiatt 
*. -e ' ••tt^ai V fl-Ajonw*f£ - *{*sm Cs'aaasi ^§ sipi . olua. ^ 0.5 012121 

* ia. di^°E^#^:^°saiM biesras d^ws msaiii«'.*«ir-£- ssto-. Eth ess d- 
' <ir32i dxioa ?> : : ;: ^ p ' .> - r /" 7 ■■'. -■>■ - 

-S 'STS21 tf'AIM'd|-A1-=Je;'afaS|'^ : AJ0l 6OIIAI MOS eajXI^E12| «S2S^E1 

- £35 ganSJ SSBOT2| : S. SSOU&g£.K,i7l5 ^01l J E 3CHI EA|*H»2Hrt)| 2S ES« ^TSAft 

r ; e sfd g-xi uii+a-M ess goa i^sS|=.#sHs sga ^hiiaieis ^sti- ggouoich 

E ITDfl E A| tJ- dl-21- , • ^}A1 H|£+5|-M ES#(1?1» ^«tfQ. 0|7|AI^. Zitt >£X\ HI 
tftl-M ESs^SAI Tif@ 0|g*K)1IM #A05l -^SSI-Xiy, Ta; Zr, Nb, V, W2J gSHOII QjcflAlE HhE 

ai sflgAi o^wej stwaa. ssjg#s bssi ^aiwi 2wiai ^a-obi ?i^ hisi ^ 

01. 2^ EB!!# OlgSfe 3^ ^fflEIHgOil °|sH ^Wl= 40nmOICh ^. 2^ ^ 

S 7WHB-QI«»JP!.. ^;aaU0K^;^7l ,S 8000-cOjlAI ISEIoKJI l§tH *S6«D. 

DeOll. 2#'Ea« ^i^SAJ SrRuDlg Oli+t^. v SOflAJ RF Oh3LflMg ^fflEIUgg 0|g 

• &2t\5ici. ; ^di5ii#ks-Ar ;^i^tkkWh^ik%vit.^7t^am& as 2joi*hq. ^ 

.^§S| J»d0/i^=Il0n«2|ia-i S^gJ3EaS^Eaa^^agS(161 : SrRuO.)# §«S^H, 

2S E3g <+ 

.: ; h i: ' - ::sii»(i^i ^Afl^ ^71 ^S2J 4'AIWI 2 1 

^icli^if^'^ smeSAiil?!"; 

'Ig-Dl^^ffijSg^OMMjSAWra^^ ^njEI.JHlSlKHI. 2|fH,2# ESS # 




li^;^;^::^;;;^;^ 0.2 lhxi 25^1-^- eaAjs 




S ^S2| £AIOOOP4 
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El&i+X|35ira(Fb(Zr.Ti«)0,), Q&Stl|g±mgg((Ba.Sr,..)TIO.(x = 0 LHXI 1)), a&S*m5Sdr 

■B.-UI£?B7IMi'3SBfl* 0IS9HME-0«5OTS WEaiSg SS1T 4* aac*. 5th ESS ^a - 
agS°SAj S?l ^AIM 1 LHX1 gAIOIl 3£H1 ?I£*L I rife. Ru4. CaRtA. Lag §j?f*J SrTiO,. 

ReQiS CHiz ShUg OlgSKME DKbft|2| S2K7I 20i£Q. 
<&S2J ^AIOII 8> 

a "►wsj gAIWOBAia, a IfSSJ ^AlCffl 6WAI SAiSI 7lg*J-, MOS E2jA|±&2J «S£S^ET Dig 

gan°j ssdiaihi a sgoi si-et!- ?ia son. s 4011 eai*> uh2f iroi 2s ess sage 

5 ^§§ S5H »S g-Xl HlSag ESS SM *SSh= Sag SS81 JHMAIEI1 Qgt* SSOUOI 
C*. 

°d. E 1800 EAItNbW SK)|> £fS diaag ESS(171)g ^JStK^. -OPIAia, «K+S«I HI . 
aag ESe^SAi JTi^Oima Ollf ^SoOTSJ'if-Tar Zr>: Nb,. V, W2I gagOH. EHoHAlE SJE«1 g*T ; 
CM 0^X1°! mHVt SCHSP^iNs^ :^I^S2) AIM < 701! Al :£l*%gft»3K& ^W^jM,.^ 

^Altfll 3M 7\M*t UW STD- "'• .: ; " '■; 

QgOfl, 2S ESS aagS^SAI Irifcg OlSaS S?I7I SOflAI RF ;Dt3)jkS .^niaSHS^oi^fti- "■ 
01 ^SShaQ. • Ar ^ SOflAI »SSK31E .^SJtK.SaK?!- SOia'O.'..- Ar/QglOO/1£ 
IChlBei ; ,a£ : ;8£'g-3E&Sfe ESS '4»SW.*(161: "l>0i)'»^j'»BlVV»^*|^'.-7^ .SSffllJ" 4 

S ESS 

mmki m Mg.oc *aasei^ 



-9/MA| ! 'U)a.,^50nm2J..ESS aag¥(162: I rik)g ^SSSHIfl , 2g^ESS SagS(161 )2* .2 ' 
iSS S^#S(162)# SS8^C>. SE?W2I ^22I^SAfl= S7i:ifS2| ^AJWl 308 9i«lt.K d>2F ' - 




•a 0IJ= S ^(1 64)g § S&Kfl ,0)1 EEIS2J JH fig Al EJg &SAJ SO-. 
01 Mi SS59I ?HIBAJE1°I M^ SIimaAl^sse^JHiBAIEI Si 0.2LHAI 2WJ>W SaAI2!_-AI 

.'eon .ehsii :*s*jaa. isa. «^ amw .aowE-oas ■■a&s :»ami52)s*a2i .as- ssou^y 
^ohs; si^aaAi^ ^soi aoisa ... ; ,. ; ... .. .• r.- - :; :f ;h, 

srafs gAioabflAia, ss^sej sei= sioi ouo. *?y o;5 oias) 

EI&S-AlsSiyaCPbCZrJiLOO.). a&S-b^^MSM((Ba,Srw)TIO.) (x= 0 IHX1 1)), Q&i+A|S2SBh 

ss/ bii^MTastJ sssiiie oi^tKME mwrnz. wisa^s tjsir ^ aaa. Et!-, ess 

S-SfMsHSAI S^l ^-321 ^AIWI 1 LHAI £AI0!l 3MI 7lst>. RuOU/ SrRuQ,, CaRuQ., Lag S?KI" 
- SrtiOt. Red, g 01^ S^fM OlgSIOlE Dh&^A|2J SOiSa. 

<^ g oj ^Aioa 9> : • 

-a ^«oj ^AlWIOIlAI^. S g-S°) gAKffl 6O0AJ SABSt MOS esha|^E121 «S£S^E1 Dig 

^Eie «SB^A^°l s ssoi &eti- ^is son, gsiaEte w^dih srs a aa s-Aisg 

St^fe mm SSSI 3HHHAIE1S SSt»- SSOOOIQ. COAIir 5^ S^2| qiiSAI, E 50)1 EAIth 

ifoEhs iloTfe stm s^s. sag ss«§g Mgaao. 

E 19011 EAI^U^ mO\. iaaa& ^□l§((Ti 0 .^l 0 .)o.H.6)s(191)§» RF Dh3L1|eM ±m 

Em^m oigsra sssraa. ebsoo^, mm aa&a ^011 i^aiHSf ^js-if ebs 

g 0|g§haCK SS 52c, 715 7H o|E1 SES 550-c/giAI- S^ 400«i; SgTc 8mTorr, OK 

? 'S5 S-S 7^/84: S§tll= 90/10, -S§ ^E= lOnm/M. H,"- 50nnOIEK E 9CH1AI : 

oigshaAm^g2^?i3^.o^ 
a, :S^s2i .ss.ias spi ^S2J 4!aioo m : pmti ti\?i ©a. . . 

lD^^6i?^g1b^^mEi§eoii som^ s^itiln^s^ 
si^a"nB§#>oi20)irSAi*Kaa: ■ oi;sa>^ 

s^Di&s(i9i)2f s^s(i82)g iBaysFaa.; sa> o^ag oiisss ' 7&?\$i ■ *oo: aagss's- 
2< ; sssDs(i63)g ssaaa. a . > ^AionwiAia? -sag ss^sai. 




saasHw;\mEaaa : : : ?HiH r Aiag::&sAi 



;,oi aag'&ssxflJ?HseAiH.a *i^aaAj>: MSg.x?HiAja 3«i 0.2 lhai 25™^ eaxi?! ^ 
'Aiiwi aw ws«jao> •:-3-.a»;. «!= smwinaoiAiE a§s-6'aa : gEO(i52)s^a^se/-S3f 
01 7^oKM ; gfst h si^aa ai± ^soi aasa. . - ' • : 
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b gAioaMAi^, asm ssa#2i aeje s§or oma. m o. 5 . 012121 

MS?, Hii?M?u#^ ssasoM 01 gs has ararois miaa^m sstr ^ staa. 
<irs2i £aiw io> 

S gg2| 4'A|0||(HIA|=. S m 

ggia ft&H12| «SJOT2| 2 _ _ 

stffe mm saxo jhebaieis ssonoia. opiAj= b-i-^ 2^21 723al e km EAig 
IIej5& aioTs 5m I4# ess aa*«. a»s ssaiss ^jss^ a^era 

ea. e 20M EAiti- bw..aoi. as 21 ^\ote:>w9V^*,;Qifc«K)L jMft&ti .. 




X- J-'.'-'- 



-a a> o^3i oflgsi si 7)#:«(Hi/:-:a&#'%aa#^ 




01 . aa-e s-sa a ?hib aj a °i si a Ai^sfts m . m m ai a 
ai son cH*a ego-rap-: n mat. oi±>t\im' stot aie oss ** ■ - 

s sre^j flAioaiwAifei es-s asi-s# a atn- aaa#2ra^c sioi ohjp. a 2100 e. ei 
ea^aeau«9^Ete ui±sm?h#*! asaa, -srsurtftii -ois^jdiE" oaftftp .H32ui$& • • 3 

aSfc 201 3>tetratih. Eth RuO^ SrRiC ReO, § Ofc *J^2| Ea« asFMWi'OlgSIOIE^O^f 

o\mt aoi. e saw ms at*# sasn jhhaieisi b^ehi 5*01121 sjgsi ^aon chsb- das ?i ' 

^aiwi 7), g^ss mm ejguh^ »a-»xi .aaa* :£-a#<*a2r r tf*ioi*»» sai^rajiai-jra • 
Sal s^f ^lab. sa« as as Aig-aM o<58, ssraa* &^dis «a a aa. wa.s 

§fai amm sa«i«(^s24 ^aiwi 9), Eas aa^^ossj ^aiwi 10m *\mz\o\, wiaaa 
m *mti= 201 ^fes^Q. oi^2) =?z a n2 ^goii sisiiai, a^si warn 2* »«f 

aas &em .sag 2* ^ 2121a .. _ t-y:': 

emit ^S2J ^AlOllOflAI^ MOSFETDi 2J ?:l|§i.l gV.jg g g"6ra^&5f S2|tS^ = QflM IkgSI ■, .; . 

ai sfea. .ims saacaas ssaaM^st!tEF)i^HmAiEieAi:oigsi^:Ei-M ;purai^;^ 

■'fe«r.3i"i tBoicK ^ ;y.-' • • • =.. v -«yyt: H.;,^-y-- :,y 



y^ vvsigfti : |y : : ; ;; J£y; y^yTtrE:^!^ 
*aala>%3pa^^aa^^ 

sal ashiffl eiasfe 2#ss ^saoi, ejasfe. .2«s-sa«!' is ?2 a a±sy?«a r 

> ; ,=v2s: " " — ' ' "~ " — — — — ■ 




71 a ^iofl MOS MS! AI ^£1 ?i HH XI El II, ^71 . o"(-^;a i-'^^l MOS MS jj ^:E) 2) ^ :S E= : 

g^tf 3. aoiAi\ ■'" • y~ r ;: ' - : "^v'T'-'T 1 ." \- ; £ : y -; r; " 
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s?i st¥ s^*ol s?i 
ess s-ae#/Es 

s^tr 5. si4^od sioi^r ' ' ' :l ' ' ' ' " 

§t« a=soj acHAi, s?i srs gwi msms essi g?\ a± m^m Eim= ess d-a 




-s?i 2#si- ess s-a### ^sste -d-aes ,%$m Ruct s ira-e^a sess **oie 




Sv>l 2#°l ESS #ag=e ^S6fe 'S^S; ^ SrfluO.. SJ Lag 

0.5 ggtfOISEfe^O-SII^OIS^ ^OIE -1g°| -5K 

timm. ^i-^^ ^^[h^s\^ : m^^m.:CfD ^ ske oi?oi;q= :s«- s<t§)e! 
g?»n. »i9*mi sicHAi... .. ',"-r..:. , .. 

S7I HI — 3H3I H. ■ 01 S4: § £'6 ESS 4tat§§, 3 ■» ' 

*iH ML.,(Wm S7I Ca. Sr. Ru. TU SJ>La'l!i S Ol^ShUS UEhtfD)Ofl 2iCHA|SJ t*± l£lf 
X7KMDE 331 Ett S?l IlkM^ki'lM -i?2»^«'«S"STSW. # 'Sl£ »SD Sf£ 2# 

m 5h=,.ffEai §?d. •;- ' ' - 

S7i 2#2j ess \«M#s/:JWb^a-?dgfe.28c«a.£B sfe.^Esi -a*. 

s^i Reot^s oi^oi » = s:>i s-i ■■a^'fi itfst= ess tfasic, a s± S£S s**si-= 

Eh -as as i g°s &zm. a». „ , , . . 
g^tJ.M. antra siCHAi, . • i:-.;.;"V:-s.4- a:. -. • •.. .. 

iS-^iife. ionm oi s^! 2ie.4sss.«fe":e.^'a.:S^: 




s "§il^¥s^^«^^I#f^sla^s^»ia .s^asi^aw; oitr sshi skji am sa - 



. 'S7I 
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g^S 18.; 391 17SWI '2tOI Ai . 
£02! 

§^*M9. .aiTtm "sa'tn/j. 

a^i 2=°I ESS Aj-ti^gtm OICHAI2J S± Iti StJSI^ ESS i+a§§= ^fflEIHSOtl Sj 
«l wglin, 291 blSSIS £E 3N(99.9X) 0|£2| 0^5(Ar) 3S ^32S *} 

™fi§ ^^eisnii^al^ilHi^^ w^&^fcfcXft); •W&m&Wh -praM^wa^-S 

^ j "SiU^y^^^iU^^^^}miS l?i±m 51E3SS £B*W..»= 1 uTorr OmSi SS SEH2J 

..• . • .. :•• S15 . :;. \,...;.: : * • .- ;.-.„., '„, 

g?tt2i . m iTtiOfl SioiAj. ; "■• '\ .. ■ ; •>,>'; •>,; ; >;v; 

: ' ' v .'av^i v2#2^E3S : ^1IS.#01U^O1A^ 

?^E1 S^9^6lE*'i!§2£ ^SEJH/ a ® ^S.^^I^WJorr- 




g:?S 23. 7122*KH1 S101AI. 
®29j 915 J«SS Me!X|±EM HH«EI2., ^r 5^ S9M0S EgJAI^Ei^ ii :g5j SE 

L^;S^-?4. ; ;;»22tjoii ^biAi. . .. .' .. .. .1- I:..- - ' J.-' • 

S9I SM£ S^SS, 7l5^±g¥E1 ESS £EI5#/l£hE|Em -.8Wi]|»S/3««2| S21 SJSSKM 

•27r Sh^ S^#<HI 2401AI , £3>| S<HI£ ESS tfflSS Q 01^0173= SOI SSEIOi Sl= 21 

g?S26. BJ24*KH1 SiOIAL 

ESS IrOL, RuOb, SrRuO,, S! ReO,^S OI^OIAIS 2°S^E1 S^S ^OiE 1S£) 

sags ^?sa= as ^s^s sf= eisa §a. 

: .g^;28. -..«122eKHl SiCHAJ, , 

. S7i gaejEife st^dih#2j 2gg, a^^gi^Ai.^s uerhh, x?k 0.2 012 o.sow iflv 

29: ; ,'?Ai22\K)flf^CHAi ! '' 





^ s ^ ;: s ^#21 s-as;ss »soi; 
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gOfl ; g 



g^tf 34. m\%W 2101 Ad , . . 

HifElEhs W^OIh »tf S i+a CTii t!Sol^ SE7h 550X OIS^ 2!# ^9° 
ESI 3915 gfg. 

gqt^ 35. Hf^jgi xefiS 01^01X1 = HM g2«2h JO I S^Ofl g&EIH E*J SI I ESS 73S.S. 

oteoixi^ «12 sgah m s ^ on g ttaii s.tt m ess hiss oi^oi*!^ hp s^jil 
3-e$ Ea«'3ifig. oi^oixis v^a^*-awo^^i--w ; "a^'2i^?i-3a2;a^^^».^ft 
&f 1 s^ara :s»:Ma'S^^7i.:»i3ig^^2i s a»^aM^/i2ifpe -s«s &?i.*s2 • 

25!S! fflg :5gi Dief.gS'2i':iS£rs^fi!£i§S. ; . ... . ' "v : v 

Wg2<2L #71 H^ggM StfaH-E^^eSJ °SSI KB S£ 01^01*1 £ m '2%W.i£7t 
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